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Introduction Formalism 


Dipole-Dipole Interaction: (S: spin matrix, g:three momenta) 
2 A A 
V= (S: : S3) = 3(S; f) (So $ f). 


Long range and anisotropic nature induces some unexpected 
phenomena! 


High Density Nuclear Matter Cold Atomic System 


Neutron Superfluid in 3P) channel Idealistic Environment in the Experiments 
Nice Realization of the BCS- 


BEC crossover 

Success of the Degenerated 
Fermi Gas with the Dipole- 
Dipole Interaction 


Meson Condensations 


Realized inside Neutron 
Stars and Important 
Effects to the Cooling 


Realization of the dgenerated| 


(Recent Progress!) dipolar Fermi gas (B.Lev) 


T.Takatsuka, et a/., PTP59,1933 (1978); M.Lu, et a/., PRL108,215301 (2012) 
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Introduction 


Previous Studies 


dipole-dipole coupling 
Many groups predict ae 
that various phases will appear 
by changing the bare couplings. 


Antiferro-Smectic-C 


The interaction potential Ss tat, G Bam 
consists of the dipole ` 
term and the contact term: ae. 
. í Ferro-Nematic 
Fermi gas \B.M.Fregoso, E.Fradkin 
: > 
Contact interaction 
“2 
V= paa (Sr S2)-3(S1-F)(S2-F)]+90(r). 


B.M.Fregoso, E.Fradkin, PRL103,205301 (2009); 
T.Sogo, M.Urban, P.Shuck, T.Miyakawa, PRA 85,031601 (2012); K.Maeda, T.Hatsuda, G.Baym, arXiv:1205.1086 
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Formalism 


Renormalization Group Transformation 


We calculate the partition function by separating the scale of 
the fields: 


Z= J DY“ Dy exp(—Sp[v*, Y) 
= | Dy* Dy Dyt Dos exp(—Salwt + vt, V< + Y>]) 


We define the effective action S4 with the path integral 
exp(-Sw (8) = f T]dvxdtexp(—Se). 
A'<|k—kp|SA 


By repeating the successive integrations with the infinitesimal 
shell, we can get the flow of the effective couplings in S4. 


Yuya Tanizaki 
Approach to Neutron Stars from Cold Atoms 


Formalism 


Fermions with DDI 


Our system is described by the action 
Sex | ar | dev'(e)[0, + (~V) — nb 
+5 [ar f aaa yeh a uh(UVaara(@— wie u)¥ar(a) 
where the potential V describes the Dipole-Dipole Interaction. 


In the vicinity of the Fermi sphere, the kinetic term can be 
written as 


d-1 
So = ~ D at | a [—iw + url] Wa(k). 
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Formalism 


Tree Level Analysis 


RG transformation: 
Decimation: integrate 


out modes with momenta lying EN 
between sA, < k < Ao with 0 < s < 1. a A \ 
Rescaling: u a 
w —> sw (& Bos 18), l s£, W A 
, ‘ N 
and Yy => sY, ypt > s3 yt. YF 


This procedure is determined 
so as the kinetic term to be unchanged. 


d—1 
8 -aD Ae f aat [-iw + vrllýalk). 


The scaling shows that only special channels of the four-point 


function can be marginal. 
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Formalism 


1-Loop Contributions 


Flow equation: AO, Vag.a'a(A) = ZS + ZS’ + BCS, where 
a p 


a p a p 
a! p p’ a! 


a! fou 
Here the blobs represents the effective interaction at the scale 
A, and loop momenta run only over a thin shell. 


It is important to notice here that not only the external 
momenta k; but also the loop momenta Kjgop are restricted. 
All of them should lie in the thin shell around the Fermi sphere. 
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Formalism 


Example: Restriction of the momentum 


In the diagram BCS, for example, the 
loop momenta are restricted in the 
general momentum configurations: 


Restriction of the loop 
momenta h 


Therefore, the 1-loop diagrams 
are suppressed by a factor 6/A 
except for the special configurations. 


For 
the BCS diagram, this corresponds to 
the condition kı + kə = k3 + k4 œ 0. 
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Formalism 


Flow equation and its solution 


In the simplest approximation (i.e., Only taken into account 
the Renormalization of the four-point couplings), flow 
equation becomes 


d2k" 


1 
AO Valk, k= a ~ tanh (Seed I< Ve" (k, Wah ie): 


We can find its formal solution 


via)=v.(1-¥. Sea (Soex’)) 


V: the dimensionless bare coupling matrix. 


We see that if it has a positive eigenvalue the Landau pole 
appears in the low-temperature regions. 
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Result 


Formalism 


Introduction 


Break down of Fermi 
Liquid picture 


© 
3P, 


superfluid 


0 


N(er)g 


This phase diagram is obtained by studying the instability of 
the Fermi liquid picture. 
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Introduction Formalism Result 


EH We have obtained the phase diagram in the lowest order 
approximation to the RG flow equation. As a result, we 
find the 3P, superfluidity, which originates from the 
properties of the dipole-dipole interaction. 

A As the couplings become large, various types of the 
instabilities are expected. To study the competition of 
these instabilities, we need to invent a systematic 
approximation to treat it. 

E We can attack some difficult problems in many body 
systems with the help of cold atomic experiments. This 

will give us one way to study the inner structure of 

neutron stars. 
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